Abstract. Saturated hydraulic conductivity K sat is an important soil parameter that highly depends on soil's particle size distribution (PSD). The nature of this dependency is explored in this work in two ways, (1) by using the Information Entropy as a heterogeneity parameter of the PSD and (2) using descriptions of PSD in forms of textural triplets, different than the usual description in terms of the triplet of sand, silt and clay contents. The power of this parameter, as a descriptor of K sat and log K sat , was tested on a database of >19K soils. We found coefficients of determination of up to 0.977 for log K sat using a 5 triplet that combines very coarse, coarse, medium and fine sand as coarse particles, very fine sand as intermediate particles,
Heterogeneity metric calculation
The Entropy based parametrization of textures introduced in (Martín et al., 2001 ) has as central concept in the Information Entropy (Shannon, 1948) . Assuming the texture interval divided into k textural size ranges and that the respective textural fraction contents are p 1 , p 2 , . . . , p k , 1 ≤ i ≤ k , with k i=1 p i = 1, the Shannon Information Entropy (IE) (Shannon, 1948 ) is defined by
where p i log p i = 0 if p i = 0. The IE is a widely accepted measure of the heterogeneity of distributions (Khinchin, 1957) . In case of three fractions, the minimum value of IE is zero when only one fraction os present, and the maximum value is 1.57
when three fractions are present in equal amounts. (see Fig. 1 .)
For each soil in this study, we grouped the 7 available textural fractions in the 15 possible triplet combinations and calculated the respective triplet's IE using formula (1). Fig 2 shows heatmaps of IE calculated for all the soils available in this study but using two different triplets as input. It is clear that, by changing the triplet, the calculated IE values vary differently along the same textural triangle. IE is a measure of heterogeneity, but the triplet used is the substrate for this measure. We will notate this combination together (IE,triplet), i.e., (IE,'5-1-1').
We followed the binning method of Martín et al. (2017) to research the relationship between K sat and soil heterogeneity.
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Specifically, the range of values of IE was divided into ten bins, the average value of K sat was plotted against the average IE for the bin, i.e. the bin midpoint. Linear regressions 'bin midpoint vs. average bin K sat ' and 'bin midpoint IE value vs.
average bin log K sat ' were computed. These regressions were obtained for each of 15 triplets and for those of USDA textural classes that were represented by more than 50 samples, i.e. sands, loamy sands, sandy loams, loams, silt loams, sandy clay loams, clay loams, sandy clays, and clays.
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The regression relationships were characterized by the coefficient of determination, R
2
, and the Root-mean-square error
whereŷ t are the predicted and y t are the real values of K sat , and n is the number of soils.
Results and Discussion

The Dataset Overview
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Fig . 3 presents the 19193 soils used in this study in the USDA textural triangle and in the modified '3-2-2' triangle. The density of points reflects the dominance of coarse textural soils in the database. When the triplet is changed, the distribution of points across the triangle changes. By setting the textural fractions to be the '3-2-2' triplet, the distribution of points/soils in the new textural triangle spreads. While there is still a high concentration of soils in the stripe of bigger than 85% of the Coarsefraction, where Coarse 3 includes very Coarse Sand, Coarse sand a Medium Sand, now those soils spread fully from 10 to 100% of the Intermediate-2 fraction, where Intermediate-2 contains Fine and Very Fine Sand. On the USDA textural triangle, most of the soils are clustered in the subtriangle limited by the lines "more than 70% sand" and "less than 20% silt". This new textural triangle allows for a finer look into the sand fraction, revealing the distribution of soils within the USDA sandy textural classes.
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This finer look might prove itself useful to study physical properties of these soils that are mainly related to the type and amount of sand in them. 3.2 Regression in binned data: IE as a predictor of K sat / log K sat )
Linear regressions for K sat and log K sat were done to find out the predictive power of the proposed parameter, (IE,triplet), with the 15 possible different triplets that could be archived by grouping the available textural data. Figure 4 shows a heatmap representation of the K sat values of the soils of the study on the textural triangle compared to a heatmap representation of the IE values of the same soils computed using the '2-3-2' 20 triplet. The sandy soils had high K sat values, and the IE values on that part of the triangle were low. The triangle presents high K sat values in a stripe between 0 and 20% sand. This stripe has also low (IE,'2-3-2') values, so there is a reasonable visual relationship between these two values.
For the log K sat regression, the best triplet in terms of highest R 2 value was '4-2-1', with a R 2 value of 0.977, but the lowest RMSE value (RMSE=0.194) was attained with the '1-2-4' triplet. Figure 5 shows the same comparison as figure 4, but 25 using the log K sat heatmap and the IE computed with the '4-2-1' triplet. There is a higher visual similarity between these two images, with high log K sat value zones, near the lower corners (sandy and silty soils) that correspond to low (IE,'4-2-1') values. The log K sat values tend to decrease towards the centre of the triangle. On the other hand, the (IE,'4-2-1') values tend to increase around this point.
The standard triplet ('5-1-1') yielded, for the K sat regression, a R 
Predictive power of IE among the USDA textural classes
In this section we show how IE works differently among textural classes: using different triplets we can find that the textural classes are predicted differently; what works for some, for others is counterproductive. .989 for the log K sat ). A possible explanation for this triplet being the best among all the other possible triplets, is that sandy soils are the ones that contain percentages of the sand fraction higher than 70%, so their distribution is highly heterogeneous. Minor fractions are now silt and clay, and the information about this two fractions could be very important for the hydraulic properties of the soil, thus the (IE,'5-1-1') triplet yielded the best 10 regression result. One might think that, having such a high concentration of sand particles, is now silt and clay the fractions that made the difference in the packing properties, thus in the saturated hydraulic conductivity values. The high value of R 2 indicates that the relation is very strong in this case.
The sandy textural classes had the highest regression coefficients (R and RMSE values for all regressions (K sat and log K sat ) for the soils in SC and NSC.
For the SC we observed that the best regression (R 2 =0.888) against K sat was reached with (IE,'2-2-3'), and being (IE,'2-20 3-2') a close runner-up (R 2 =0.880) and a lower RMSE value. Both these triplets make a distinction among the sand fractions, putting very coarse and coarse sand in the coarse fraction in the first case, and adding medium sand in the second case. Also, the fines fraction contains either very fine sand or not. Comparing this to the sandy textural class results, where the best triplet was '5-1-1', we observed that now more information from the sandy fraction was required to infer hydraulic properties. The area that the SC soils cover in the textural triangle and the hydraulic property variation of these soils can be related with a 25 heterogeneity metric associated to triplets that distinguish well among the predominant fraction in that area of the triangle, i.e., sand.
For the NSC, best triplet in both regressions (K sat and log K sat ) was '4-1-2', with R 2 =0.232 for K sat and R 2 =0.769 for log K sat . Regression results were worse than for SC, but this might be just provoked by the nature of NSC itself: these are soils with less sand, thus higher content in clays and aggregating particles. The packing -and consequently the K sat -of these soils
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is not just mainly affected by the PSD, but also by aggregation, which cannot be accounted for in the IE value, regardless of the triplet used.
Furthermore, the best triplet, '4-1-2', also pointed in this direction: the fines fraction contains silt and sand particles, while the intermediate fraction contains only the very fine sand, leaving the coarse fraction with most of the sand, thus giving more importance to the possibly aggregating particles than a triplet like, '1-3-3' which had R values equal to 0.051 (K sat ) and 0.019 (log K sat ).
Triplets and Scaling Break
In the regressions made with all the soils, it was noteworthy the behaviour of the (IE,'3-1-3'). The average R 2 for all the K sat regressions was 0.673, but the R 2 using (IE,'3-1-3') gave a R 2 equal to 0.0002, far below the next lowest one, which was could be nonlinear, maybe due to the absence of global selfsimilarity showed in the scaling break.
On the other hand, it is also noteworthy that regressions against (IE,'3-1-3') were actually quite good (R When all the soils are considered together, then (IE,'3-1-3') might fail, due to the scaling break, but when we restrict the 20 study to a certain part of the textural triangle, that effect might diminish to a point where this triplet is even useful to predict some textural derived properties, or maybe the scaling break effect is also restricted to some textural classes and should be further investigated.
As results show, IE is not powerful K sat predictor by itself, but combined with an input triplet. By changing the triplet, we may focus on certain physical aspects of the soils, but it is also important to keep in mind that this might not work statistically 25 for random groupings of soils that belong to different textures.
IE variation as a spatial function in the textural triangle
Heatmaps were used to visually correlate the IE values calculated with the K sat (or log K sat ) values of the soils in the study.
Also, a less visual, but more quantifyable approach, to find out how much of K sat could be explained through IE variation was
to find out what ranges of IE are available for soils in different textural classes and compare them to the range of K sat values 30 of soils inside those same textural classes. Also, in order to compare the new tool (IE triplet), we compared these ranges to the ranges computed for (IE,'5-1-1') , i.e. to the values of the IE computed with the usual description of soil texture. We want to find out if, by changing the triplet, we obtain a wider range of variation in IE for a given range of K sat . This way we compare For each textural class, we calculated the ratio of the range of K sat values inside the textural class versus the range of K sat values of all the soils in the study. The same was done for IE for each triplet. Table 6 shows, for each textural class, the ratio of the percentage of (IE,'5-1-1') against the percentage of K sat range. The same ratio was also calculated using IE for the 5 triplet that gave the best R 2 value in the linear regression against K sat . These values can be thought of as how much range of (IE,triplet) can be used to explain a certain variation of K sat inside each textural class, i.e. as how much parametrizing power is available by the IE. In all the textural classes where the regressions were done, the parametrizing power of the alternative triplet was higher than the one by using the usual clay-silt-sand triplet. For the sand textural class, the triplet which gave the best R 2 regression was '5-1-1' thus the results are the same; the average value of the parametrizing power for the usual triplet 10 was 2.46, while when we change the triplet we obtained 4.80. This shows how, by considering different triplets, combined with IE, a better description/parametrization of K sat can be reached.
Final Comments
Textural heterogeneity is a crucial factor affecting soil K sat , but it acts along many other ecological factors, as animal activity, root exudates, soil aggregation, etc. In this work we showed that a proper representation of textural heterogeneity, by IE, 15 allows one to (1) demonstrate its effect on K sat by binning samples based on the textural heterogeneity and (2) to statistically parametrize this effect for some textures.
This work has limitations, in particular, the limited available texture data of only seven fractions in the database. The boundaries between coarse, intermediate, and fine fractions can be moved with data from continuous measurements of texture in the fine sand-silt-clay range of particle sized. This may bring the improvements in mean bin K sat estimates for non-sandy soils 20 that could not be achieved in this work.
Although globally the IE computed from different triplets show a potential to reflect the effect of soil texture on the K sat values, the different relationship between the IE and the K sat depending on the triplet used might have different possible explanations. While the IE/K sat relationship is found satisfactory in some textural classes, results seem to indicate that the IE parameter cannot reflect with the same efficiency the K sat values in other classes predominating fine particles, in which 25 other processes as aggregation or weathering can not been elucidated by the single textural data input.
Conclusions
The PSD coarse, intermediate,and fine fractions in soil textural triplets can be redefined from standard 'sand-silt-clay' to other fraction size ranges. The textural heterogeneity parameters obtained for some of the new triplets correlate with soil saturated hydraulic conductivity averaged by ranges of the heterogeneity parameters. This approach allows one to quantify the effect 30 of the textural heterogeneity of saturated hydraulic conductivity of soils. Given that size boundaries of sand, silt, and clay fractions have not originally been established for the purposes of prediction of soil hydraulic conductivity, it may be beneficial 
